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INTRODUCTION

Anti-double stranded DNA (anti-dsDNA)
antibodies are highly specific for systemic lupus
erythematosus (SLE) and correlate with disease
activity. The detection of anti-dsDNA is of value
for the diagnosis and prognosis of SLE (Ter Borg
et al, 1990; Bootsma et al, 1996; Arbuckle et al,
2001). The presence of antibodies to dsDNA has
been included as one of the criteria for the dis-
ease classification of SLE by the American Rheu-
matism Association (Tan et al, 1982).

A variety of commercially available tests in-
corporate different techniques for the detection
of anti-dsDNA. The Farr assay (Wold et al, 1968)
is quite specific and has been advocated as the
most reliable assay, however, it is time-consum-
ing, technically difficult and involves the use of
radioactive material. Crithidia luciliae immun-
ofluorescence (CLIF) (Aarden et al, 1975) is
highly specific, but lacks sensitivity and requires
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rable specificity to the CLIFs with good agreement (84%, 79%) while they had a much greater sensi-
tivity than the CLIFs. These findings suggest that ELISA is a useful laboratory test for anti-dsDNA
detection of SLE due to its simplicity, quantitative results, sensitivity, specificity and cost, as com-
pared to CLIFs.

a fluorescence microscope to interpret results,
often unavailable in many laboratories. Enzyme-
linked immunosorbent assay (ELISA) is techni-
cally simple and quantitative. Previous reports
have demonstrated varying efficiencies of ELISA
with different sensitivity and specificity levels
(Tipping et al, 1991; Hylkema et al, 1994; Avina-
Zubieta et al, 1995; Takeuchi et al, 1997; Wong
et al, 1998;  Tan et al, 1999). Most results showed
higher sensitivity but much lower specificity than
CLIF and seemed to show varying standardiza-
tion (Tipping et al, 1991; Avina-Zubieta et al,
1995; Wong et al, 1998). More recently, new
ELISA commercial kits for anti-dsDNA detection
have been developed by many manufacturers to
improve sensitivity, specificity and standardiza-
tion of results. The objective of this study is to
reevaluate the efficiency of two commercial
ELISAs compared to CLIFs for the sensitivity,
specificity, predictive value, accuracy and cost
effectiveness of anti-dsDNA detection for the di-
agnosis of SLE.

MATERIALS AND METHODS

Sera
We studied 28 patients with a diagnosis of

SLE, 28 with other rheumatic diseases (ORD):
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20 with rheumatoid arthritis (RA), 4 with mixed
connective tissue diseases (MCTD), 2 sclearo-
derma, 1 ankylosing spondylitis and 1 CREST
syndrome patient, enlisted from the rheumatol-
ogy out-patient clinic of the Bhumipol Adulyadej
Hospital. Thirty control sera were identified from
normal human subjects (NHS) individuals whose
antinuclear antibodies (ANA) were negative with-
out known autoimmune diseases. All 86 sera were
stored at -70°C until used.

Anti-dsDNA detection by commercial ELISA
kits

Two commercial ELISA kits with different
antigens were selected for use. One was the “ETI-
dsDNA” anti-dsDNA kit from DiaSorin, Italy
(ELISA I) and the other was the “BINDAZYME”
anti-dsDNA kit from The Binding Site, UK
(ELISA II). The procedures specified in both kits
were followed according to manufacturers’ rec-
ommendations. For ELISA I, recombinant dsDNA
(Escherichia coli) was used as the antigen coated
plate. Serum samples diluted at 1:100 with se-
rum diluent, serum controls and calibrators were
added to wells and incubated for 30 minutes at
room temperature (18º-25°C). The plates were
washed 3 times with wash buffer. One hundred
microliters of horseradish peroxidase-labeled
anti-human IgG was applied to each well and then
incubated for 30 minutes at room temperature.
The plates were washed and then 100 µl of sub-
strate containing hydrogen peroxide and TMB
substrate was added. After 10 minutes of incuba-
tion, 1 N sulfuric acid was added to stop the reac-
tion. The optical density (OD) was read at 450
nm with the reference at 620 nm. The results were
calculated exactly as described by the manufac-
turer. Anti-dsDNA antibody levels of more than
or equal to 20 IU/ml were considered positive re-
sults.

ELISA II was a purified calf thymus dsDNA
antigen kit. The assay was performed by adding
100 µl of control, 1:100 diluted serum samples
and each calibrator to the antigen coated plate.
After incubation at room temperature for 30 min-
utes, the plate was washed 3 times with wash
diluent. Peroxidase labeled antibody to human
IgG was added in each well and incubated at room
temperature for 30 minutes. The plate was washed

again and TMB substrate solution was added for
30 minutes. The reaction was stopped by adding
3 M phosphoric acid. The optical density of each
well was read at 450 nm. Anti-dsDNA antibody
levels of more than or equal to 30 IU/ml were
considered positive results.

Anti-dsDNA detection by Crithidia luciliae
immunofluorescence

Two commercial kits for anti-dsDNA detec-
tion by Crithidia luciliae immunofluorescence
were selected for testing. One was from DiaSorin,
Italy, the “nDNA Fluoro-kit” (CLIF I). The other
was from The Binding Site, UK, the “Crithidia
lucilliae dsDNA” (CLIF II). In brief, Crithidia
luciliae was used as the substrate antigen and a
1: 10 diluted serum sample was added to each
well of substrate coated slide. After incubation,
the slide was washed and the antigen-antibody
reaction was determined by FITC-labeled anti-
human gamma globulin conjugate. The slide was
observed using a fluorescence microscope. A test
was considered positive with a titer of 1:10 or
above.

Statistical analysis
Sensitivity, specificity, positive and negative

predictive values and accuracy were calculated
in accordance with standard methods. The corre-
lation between the two ELISAs was performed
by simple linear correlation.

RESULTS

The results of ELISAs for anti-dsDNA de-
tection in a total of 86 sera are shown in Table 1.
Seventeen (64%) and sixteen (61%) of twenty-
eight SLE were positive by ELISA I and ELISA
II, respectively. No false positive results were
found in normal human subjects (NHS) by the
two ELISAs. Three of twenty-eight (11%) other
rheumatic diseases (ORD) gave positive results
by both ELISA commercial kits. ELISA I had a
slightly higher sensitivity than ELISA II (64%,
61%) while both had the same specificity (95%,
95%). The two ELISAs showed high positive pre-
dictive value (PPV) (86%, 85%), negative pre-
dictive value (NPV) (85%, 83%) and accuracy
(84%, 84%).

No false positive results were found in NHS
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CLIF (Tipping et al1991; Wong et al 1998). Since
ELISA is technically easier to perform, the ELISA
has been developed for greater effectiveness in
diagnosing SLE. Two commercial ELISA kits, us-
ing recombinant dsDNA (ELISA I) and purified
calf thymus dsDNA (ELISA II) as antigens were
selected for investigation of efficiency in the di-
agnosis of SLE. Although previous reports dem-
onstrated great variation in sensitivity and speci-
ficity in ELISA kits for the detection of anti-

Table  1
Results of the frequency of anti-dsDNA detection in systemic lupus erythematosus (SLE), other

rheumatic disease (ORD) patients and normal human subjects (NHS) with sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV) and diagnostic accuracy for SLE

diagnosis among tests.

Fig 1–The correlation between two commercial ELISA
kits for anti-dsDNA detection in 86 serum
samples (r=0.91, p<0.001).

by the two CLIFs. Two of twenty-eight ORD (7%)
gave false positive results by CLIF II, but no false
positive results were found in ORD detected by
CLIF I. There were positive results in eleven and
eight of twenty-eight SLE detected by CLIF I and
CLIF II respectively. CLIF I had greater sensitiv-
ity (39%, 29%) and also had a greater specificity
(100%,97%) than CLIF II as shown in Table 1.
The PPV of CLIFs was very high (100%, 80%)
but rather low for the NPV (77%, 74%).

Fig 1 gives the correlation between the two
ELISAs in the overall samples tested. The two
commercial kits had very good correlation with
each other (r = 0.91, p<0.001). The concordance
of the results of anti-dsDNA detection by each
ELISA is shown in Table 2. The two ELISA and
two CLIF commercial kits had very good agree-
ment at 95% and 94% respectively. CLIF I and
ELISA I and CLIF II and ELISA II, which are
two different techniques from the same manufac-
turer, had good agreement at 84% and 79% re-
spectively.

DISCUSSION

Measurement of anti-dsDNA is widely used
to assess disease diagnosis and management in
SLE patients. ELISA and CLIF are the most com-
monly used methods in the clinical laboratory.
However, most ELISA testing demonstrates high
sensitivity but rather low specificity compared to

                           Number positive (%)

ELISA I ELISA II CLIF I CLIF II

SLE (n = 28) 18 (64) 17 (61) 11 (39) 8 (29)
NHS (n = 30) 0 (0) 0 (0) 0 (0) 0 (0)
ORD (n = 28) 3 (11) 3 (11) 0 (0) 2 (7)

Sensitivity (%) 64 61 39 29
Specificity (%) 95 95 100 97
PPV (%) 86 85 100 80
NPV (%) 85 83 77 74
Accuracy (%) 84 84 80 74
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dsDNA (Tipping et al, 1991; Avina-Zubieta et al,
1995; Takeuchi et al, 1997; Wong et al, 1998;
Tan et al, 1999), there was a strong correlation
between both commercial ELISA kits tested (r =
0.91, p<0.001) with a high level of agreement
(95%).  The two commercial ELISA kits had com-
parable sensitivity (64%, 61%) and the same
specificity of 95%.  This indicated that both com-
mercial ELISA kits provided a standard measure,
which may be due to the detection of the same
group of anti-dsDNA autoantibodies, even though
they used different sources of antigens. These two
ELISAs had a higher sensitivity and specificity
when compared to most previous reports (Tip-
ping et al, 1991; Avina-Zubieta, et al 1995; Wong
et al,1998; Tan et al, 1999) Tipping et al (1991)
reported a commercial ELISA for anti-dsDNA de-
tection with a sensitivity and specificity of 42%
and 94% respectively. Wong et al (1998) reported
a commercial ELISA for anti-dsDNA detection
with a sensitivity and specificity of 68% and 80%
respectively and an in-house ELISA with a sen-
sitivity and specificity of 32% and 89% respec-
tively. The sensitivity of these two ELISAs was
lower than expected.  This may be due to the dif-
ferences in the SLE patients’ sera tested. Most of
the SLE patients in our study had undergone treat-
ment before testing, which may have had an ef-
fect on the level of anti-dsDNA. Some reports
show decreasing levels of anti-dsDNA after treat-
ment or in inactive stages (Gladmann et al, 1979;
Ter Borg et al, 1990; Bootsma et al, 1996).

The efficiency of CLIF was also evaluated.
We found that the two CLIFs had very high speci-
ficity (100%, 97%), and had good concordance
(94%). Their sensitivities were much lower than
the two ELISAs tested. These differences may
be due to the differences in technical procedures

and sources of antigen. In our study, the CLIFs
showed rather low sensitivity, this may be due to
the differences in SLE patients’ sera tested. As
previously mentioned, because most SLE patients
had undergone treatment before testing, the level
of anti-dsDNA may have been affected and could
not be detected with CLIF. Some reports show
decreasing levels of anti-dsDNA after treatment
or in inactive stages and this may have resulted
in lower an anti-dsDNA detection by CLIF.

The method of choice used in the detection
of anti-dsDNA often depends on the availability
of technical support, cost and quality of the test.
We compared ELISA and CLIF for efficiency in
diagnosis of SLE and cost effectiveness. CLIF
had the higher specificity (100%) but lower sen-
sitivity (27%), whereas ELISA had slightly lower
specificity (95%) but much higher sensitivity
(64%). The cost of CLIF for a single dilution and
ELISA for one quantitative assay are about 120
Baht (US$3) and 180 Baht (US$4.5) per test, re-
spectively.

In conclusion, the results showed that dif-
ferent antigens used in two commercial ELISA
kits were not different in anti-dsDNA detection
for SLE diagnosis. The detection of anti-dsDNA
by CLIF had very low sensitivity and needed a
fluorescence microscope, a major limitation in
many laboratories. This study suggests that
ELISA produces standard results, is easy to per-
form and no more expensive than CLIF. It is ef-
fective in detecting anti-dsDNA for the diagno-
sis of SLE in the routine clinical laboratory.
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